ABSTRACT
INTRODUCTION

MASSIM (Milli-Arc-Second Structure Imager, Fig. 1) is a proposed mission in the domain of ultra-high angular resolution X-ray astronomy, which is a combination of terms that do not usually go together. It is ironic that the angular resolution of current X-ray instrumentation is no better than that routinely attained at optical wavelengths, even though the diffraction limit is a thousand or more times lower. In the gamma-ray band, where the diffraction limit is still lower, the situation is even more extreme and the present generation of instruments have resolution ∼10 arc minutes or poorer -not very much better than the angular size of the full moon! The technology proposed for MASSIM allows 2-3 orders of magnitude improvement in angular resolution over that of the Chandra mission which represents the present state of the art. For comparison, Galileo revolutionized astronomy with telescopes that improved angular resolution by about a factor of six over that of the naked eye.
The MASSIM mission concept will use a technology new to X-ray astronomy to improve angular resolution by up to 3 orders of magnitude. An optics spacecraft carrying an array of diffractive-refractive lenses focuses X-rays onto detectors on a spacecraft 1000 km behind.
The MASSIM mission was proposed in response to NASA's "Advanced Mission Concept Studies" opportunity in November 2007. Although it was not selected for study, the concept and related ideas are continuing to be developed in anticipation of other opportunities.
SCIENTIFIC OBJECTIVES
The capabilities of MASSIM are such that it can impact a wide range of important scientific topics from stars and planets to more exotic objects such as supermassive black holes (SMBHs) and quasars. Here, we briefly survey the science goals of MASSIM with an emphasis on contributions to our understanding of phenomena in the vicinity of black holes and in particular of jets. 
Jets from black holes -stellar to supermassive
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The majority of AGN are radio quiet, 13 
The closest SMBH to us is at our Galactic Center and continues to be a crucial test-bed for models of black hole accretion. The low-luminosity of this black hole despite the presence of surrounding gas (originating from stellar winds of the central star cluster) is interpreted in terms of a Radiatively-Inefficient Accretion Flow (RIAF)
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MASSIM will enable us to resolve X-ray emission from the accretion flow allowing unprecedented tests of the RIAF models. The importance of this is highlighted by the realization that most SMBHs in the Universe accrete in this mode.
MASSIM as a multipurpose X-ray observatory
MASSIM will be a highly capable, multi-purpose high angular resolution X-ray observatory and will have impact across astrophysics (see Figs. 4, 5) . In addition to its study of jets, the angular resolution and the energy band of MASSIM are ideal for using the fluorescent Fe lines to explore the parsec-scale structure of AGN (Fig. 2) Figure 2 . A diffractive-refractive achromat consists of a fine PFL (upper, brown) and a refractive lens (lower, green), which may itself be stepped on a much larger scale. Example materials and characteristic sizes are given for a 6 keV lens with a focal length of 1000 km. The diagram is indicative and not to scale -the 1m diameter lens is only a few mm thick. 
The refractive component of each lens is made of Beryllium since absorption is reduced for the needed thickness compared to other potential materials. For the much thinner diffractive component, the material can be chosen for ease of manufacture and candidate materials include silicon or plastic.
The effective area in Fig. 3 is based 
The detector spacecraft
The lenses form real images in a focal plane at a distance of 1000 km. In this plane a second spacecraft will carry a series of large area detectors which can be based on existing technology. The performance of the CCDs used on Chandra, XMM, and Suzaku provide adequate energy resolution and a spatial resolution better than needed. A 500 mm × 500 mm array of CCDs for each lens is baselined. With a focal length of 1000 km this corresponds to a field of view of about 100 milli-arc-seconds, so the instrument is optimized for the study of small compact regions of emission (more extended regions would anyway be of low surface brightness when examined at the MASSIM resolution). The aberration-free field of view of the lenses is very large, so larger detectors would increase the field of view accessible without scanning.
A collimator in front of each detector reduces the diffuse X-ray background. Its ∼1
• field of view will allow some radiation from a patch of sky around the optics spacecraft to reach the detector but background in the detectors due to diffuse background and sources in this region will be negligible compared with other background components, wheras the flux from the target source will be concentrated by a factor of ∼ 10 5 by the lens. Radiation that has been focussed by a lens other than that directly in front of the detector will be recognizable by being of a different energy and will provide supplementary information outside the nominal field of view.
Attitude Control and Formation flying
The mission requires the formation flying of two spacecraft but in many respects the requirements are rather loose. For neither spacecraft is precision control of the attitude needed and the distance between the spacecraft is not critical. The crucial task for the control system is the determination and correction of the direction of the line of sight -the line joining a reference point at the center of the lens array to one at the center of the detector array. This 'pointing' direction must be controlled with enough precision to keep the target within the 100 milli-arc-second field of view and drift must be determined to better than a milli-arc-second in order to allow image reconstruction without degradation of the angular resolution.
A baseline concept for the pointing control system relies on very high precision star-trackers on the detector spacecraft viewing both a beacon at the center of the optics spacecraft and the background of stars behind it. In order to achieve the precision and bandwidth required, relatively bright reference stars must be used, leading to a need for a cluster of offset-able star trackers. The requirements on the sensors are well within the performance already achieved with the 14 cm star sensor on Gravity Probe B. 
EXPECTED CAPABILITIES
The expected capabilities of MASSIM are summarized in Table 1 and the effective area as a function of energy is shown in Fig. 3 
CONCLUSIONS
In the form proposed, MASSIM would be capable of making dramatic advances in X-ray astronomy, providing an angular resolution about three orders of magnitude beyond the current state of the art and allowing, for example, the ejection, acceleration and collimation processes taking part at the root of astrophysical jets to be examined in detail. The diffractive-refractive optics proposed for MASSIM has the potential for a further ∼ 3 orders of magnitude improvement in angular resolution, allowing the goals of a 'Black Hole Imager' mission to be attained.
